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(71) We, MATSUSHITA ELECTRIC 
INDUSTRIAL COMPANY LIMITED, a 
Japanese Company, of 1006 Kadoma, Osaka 
571, Japan, do herd^ declaie the invention, 

5 for which we pray ^t a patent may be 
granted to us, and the method by which it 
is to be peifoimed, to be particularly de- 
scribed in and by the following statement:— 
This invention idates to dad wire dectric 

10 conductois, and more particulaily to conduc- 
tors suitable for use in the production of elec- 
tric contacts, comprising a base metal with 
a surface layer of noble metal firmly bonded 
to the base metal. 

15 The invention includes a method of making 
a clad wire electric conductor which com- 
prises providing a strip including at least a 
base metal and at least a surface layer of 
noble metal bonded to said base metal, form- 

20 log said strip into a transversely arcuate fomi 
widi the noble metal on the convex surface 
and drawing said formed strip through a die 
to provide a wire whidi is partially clad 
wi& a noble metal. 

25 Clad conductors can be made by electro- 
deposition methods by sheathing but these 
mediods have practical disadvantages. The in- 
vention makes possible the production of dad 
conductors, which may have two^ three or 

30 more layers, by an improved mediod, in which 
the layers are bonded firmly to ^ch other 
and tfaidmess of eadi layer is variable as 
desired. 

Objects and advantages of die invention 
35 will be apparent from the following description 
of embodiments thereof, given by way of 
example, and the accompanying drawings 
wherein: — 

Figures la to U are diagrammatic cioss- 
40 sectional views of successive stages of a con- 



ductor in die course of producing a contact 
material; and 

Figures 2a to 2e are similar cross-sectional 
viewsi, of a conductor in making a contact 
material, by another process. 45 

In the processes of making a material for 
dectric contacts described hereinafter, there 
is first provided a composite metal strip of 
substantial length whidi indudes at least a 
base metal and at least a surface layer of a 50 
noble metal: this strip is softened by aimeal- 
ing and is then formed to give it an arcuate 
shape in cross-secti(M^al form widi the noble 
metal siirface on the convex surface. 

This strip is then drawn, by means of a 55 
suitable die so as to provide a composite 
contact material in a substantial lengdi. The 
material can be further annealed as necessary. 
For convenience, the dongated material ob- 
tained after drawing the strip will be herein- 60 
after referred to as wire. 

In carrying out this process, the noble 
metal surface layer is extended transversdy 
in the first forming step^ and the following 
drawing process provides a dad wire having 55 
a noble metal layer being extended round 
more than half the periphery of the wire. If 
the first forming step is omitted, the noble 
metal layer is compressed laterdly in the 
drawmg process and the layer on the clad 70 
wire is reduced in width, which is undesirable 
as it may cause poor contact characteristics. 

Clad sheet or strip can be made easily 
and cheaply and with good bonding between 
the layers, so that when the strip is formed 75 
as described, the incidence of bonding failures 
between the layers is reduced. 

Qad wires comprising two or more clad 
layers can be easily provided, by using suit- 
aUe multiple layer starting strip. 80 
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The diickness of tfie layere and the base 
of the initial strip can be widely varied when 
the strip is being made. Figure 1 is a series 
of diagrammatic cross-sectional* views^ Figures 

5 la to It/ showing changes in the cross-section 
of the material at successive steps in the 
course of fabrication* The starting material 
is shown at Figure la and consists of a strip 
10 of c<Hnposite material, comprising a base 

10 layer 11, an intermediate layer 12 and a noble 
metal surface layer 13. The strip of composite 
m a t e ri al is obtained by slitting a wide sheet 
of the conqxKite materiaL Sudi a sheet of 
material can be made in known manner; it 

15 is advantageous that it is possible to get very 
good bonding of metal layers in sheet form. 

The dad strip 10 is aimealed in a ncm- 
oxidising atmosphere at a temperature above 
die recrystallization temperature or tempera- 

20 tmes of the component materials. After being 
aimealed for a period of time which depends 
upon factors including the dimensions of the 
strips the strip is cold-drawn through a form- 
ing die 14. The drawn material 20 is of 

25 modified cross-sectional shape and is of gener- 
ally circularly arcuate; the radial thidmess is 
substantially equal to the tiiickness of the 
dad strip before drawing, and with a circular 
arc length which is substantially equal to 

30 the width of the strip and as shown in Figuie 
Iby the noble metal layer 13 is on the outside 
or convex side of the modified strip 20. Tims, 
the flat dad strip 10 is converted to the 
fonned clad strip 20 having a general cross- 

35 sectional form which is di^cularly arcuate in 
a direction at right angles to the lengtii of 
die strips which is the drawing directioiL 

The formed dad strip 20 is again cold- 
drawn diroug^ a die 15 having a die opening 

40 which is of semicircular or h^-round sectioxi, 
so that the curvature of die clad strip is 
increased. In the re^ilting composite strip 30: 
at this stage the base metal kyer 11 pre- 
sents a longitudinal groove 16 as ^own in 

45 Figure Ic 

The material is then successivdy reduced 
by passing it through a series of dies of suc- 
cessivdy smaller cross-section. In these step 
by step reductions the groove 16 is progres- 

50 sivdy reduced in size and eventually dis- 
appears, leaving a wire 40 dad as shown in 
Figure Id, 

Figures 2a to 2e show the steps of an- 
other process whidi is similar to that de- 
55 scribed widi refereiice to Figure 1, but Ae 
initial strip in Figure 2 comprises two layers 
only: the noble metal surface layer 13 and 
die base metal layer 11. Also, forming of the 
strip is carried out by means of a pair of 
60 .forming rolls comprising a concave top roll 
17 and a corresponding convex lower rdl. 
.The strip 60 after passing through the roils 
has a profile whidi is substantidly arcuat]^ 



and the noble metal layer 13 is again on the 
convex surface. 65 

The strip 60, after passing between the * 
shaping rolls is passed through a die 19, 
Figure 2c, the opening of which is drcular 
in. cross-section. As a . result the strip is fur- 
ther modified in shape and assumes a shape 70 
somewhat as indicated at 70 in Figure 2c 
Fart of its periphery is brou^t to circular 
form, but as with die process of Figure 1, 
die longitudinal groove 16 is fonned in the 
emergent material. 75 

The material is passed dirougji further die^ 
also of circular cross-section, ledudng both 
die diameter of die drawn wire and the 
dimension of groove 16 as at 80 until finally 
a wire of areolar cross-section^ with noble 80 
metal dadding over part of its peri^ery is 
obtained as at 90 in Figure 2e, 

The noble metals v^ch can be used for 
the surface layer 13 indude silver, silver 
allo3^ gold, gold alloys, palladium, palladium 85 
alloys^ platinum and platinum alloys, depend- 
ing upon the dectric characteristics of the con- 
tact which are required. The intermediate . 
layer 12 can be silver, silver alloy, nickd and 
nickd alloy depending upon the desued con- 90 
ductivity or diffusion baxrier or bonding char- 
acteristics. The base metal layer can be of 
copper, copper alloy, nickd or nickd aUoy, 
chosen prindpall^ for its medianical proper- 
tfcs. 95 

The extent of the noble metal surface 
around die periphery of die dad wire^ is 
affected by ilie ratio of the thickness of the 
metal strip to its width. For this reason, it 
is pieferaUe if this ratio lies between 1/3 iqq 
to 1/5. If a thick strip is used having a 
ratio in excess of 1/3 it is difiicult to form 
die strip a pprop riately in the firet step. If a 
wide strip is used with a ratio less than 1/5 
die groove 16 v^ch is formed becomes un- 105 
duly deep and may lead to degradation of 
the mechanical properties of the dad wire. 

To bend the strip sufl&cientiy in the form- 
ing operation, it is preferable to carry out 
the forming step in two or three steps in- HQ 
creasing the bending of the strip at eadi step 
untn it has the desired cross-sectional shape 
before it is drawn. 

The annealii^ of the strip to soften it 
before bending is carried out in a non-oxidis- 1 15 
ing atmosphere, as may be necessary sudi as 
nitrogen, gas« argon gas or in vacuum to 
prevent oxidisation of the material. 

The reduction of the cross-sectional area 
of the material in cold-drawing varies from ^20 
15% to 30% per pass. Various lubricants, 
such as mineral oil, fat oil, or soap, are 
applied at the die to reduce the power re- 
quired for drawing and to improve the sur- 
face finish of the drawn material and to in- 
crease the life of the die. The drawing speed 
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may vary, depending on conditions and may 
for example, 5 to 50 m/mi'n, the drawing 
speed is affected by the cross-sectional areas 
<2 the material and also hy the temperature 
developed in drawing whi^ affects the pro- 
perties df lubricant^ the structure of the drawn 
metal and the life of the die. 

Although the wires shown in Figures 1 and 
2 are semicircular and circular respectively, 
in cross-section odier shapes of wires, sudi 
as ttiangular^ square^ trapezoidal or other 
special shapes^ may be obtained by employ- 
ing dies of appropriate cross-secdoh. 

Table 1 sets out examples of materials and 



Table 2 the fabrication conditions and proper- |s 
ties of the wires obtained in die Table, the 
symbols used have the foUowiog meanings: 

D: degree of reduction of the area after 

final annealings 
0: diameter, 20 
radius, 

untimate tensile strength in tension, 
elongation, 

Vidcers hardness of the surface layer 
under a load of 25 g; this hardness 25 
is affected by hardness of the under 
layer as the top layer becomes thinner. 



a: 
8: 
Hv: 



TABLE 1 



Example 


Width 
(mm) 


- 

thickness 
(mm) 


metal of each layer 


surface layer 
(wt%) 


intermediate 
layer 
(wt%) 


base layer 
(wt%) 


1 


2.8 


0.6 


Ag 




phosphor bronze 


2 


2;8 


0.6 


Au 


66Ni-34Cu 


phosphor bronze 


a 


2.5 


0.5 


Pt 




Ni 


4 


7 


2 


60Ag-4GPd 


Ni 


phosphor bronze 


5 


4.5 


1 


30Ag-40Pd-30Cu 


Ni 


copper-beryllium 


6 


4.5 


1 


30Ag~40Pd-30Cu 


Ni 


phosphor bronze 


7 


7 


2 


70Au-27Ag-3Ni 


Ni 


phosphor bronze 


8 


2.8 


0.6 


70Au-27Ag-3Ni 


95Ag-5Cu 


phosphor bronze 


9 


7 


2 


85Pd-12Ag-3Ni 


85Ag-13Cu-2Ni 


66Ni-34Cu 
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WHAT WE CLAIM IS:— 

1. A method of making a dad wire electric 
conductor which comprises providing a strip 
including at least a base metal and at least 

> a surface layer of noble metal bonded to said 
base metal^ forming said strip into a trans- 
versely arcuate form with the noble metal on 
the convex surface and drawing said formed 
strip through a die to provide a wire which 

3 is. partially dad with noble metal. 

2. A method according to daim 1, where-- 
in said strip has a ratio of thickness to width 
idiich lies within the range from 1/3 to 1/5. 

3. A medicd according to either of the 
5 precedii^ daims^ wherein said strip is broug|it 

to arcuate form by being drawn through a 
fonning die. 

4. A method according to either claim 1 
or daim 2, wherein said strip is brought to 

0 arcuate form by being passed between form- 
ing rolls. 

5. A method according to any of the pre- 
ceding daims wherein &e dad wire is of 
round, semidrcular, triangular, rectangular or 

S trapezoidal in cross section. 

6. A method according to any of die pre- 
ceding claims wherein said noble metal surface 
layer extends around at least half the peri- 



phery of the cross secrinn of the dad wire. 

7. A method according to any of the pre- 
ceding daims, wherein the surface layer of 
the wire includes silver, silver alloy, gold, gold 
alloy, palladium, palladium alloy, platinum or 
platinum alloy. 

8. A method according to any of the pre- 
ceding daims, wherein the said base metal in- 
cludes copper, copper alloys, nickd or nickd 
alloys. 

9. A method according to any of the pre- 
ceding daims, wherein said wire indudes an 
intermediate layer. 

10. A method according to daim 9, where- 
in said intennediate layer includes silver, silver 
alloy, nidcd or nickd alloy. 

11. A mediod of mak^g a dad wire dec- 
trie conductor substantially as heidn de- 
scribed widi reference to the accompanying 
drawings. 

12. A wire made by a method in accord- 
ance with any of the preceding claims. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberiand Houses 
303/306 High Holborn, 
London^ W.Cl. 
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